Abstract-In October 2017, there happened the uprising of an unprecedented online movement on social media by women across the world who started publicly sharing their untold stories of being sexually harassed along with the hashtag #MeToo (or some variants of it). Those stories did not only strike the silence that had long hid the perpetrators, but also allowed women to discharge some of their bottled-up grievances, and revealed many important information surrounding sexual harassment. In this paper, we present our analysis of about one million such tweets collected between October 15 and October 31, 2017 that reveals some interesting patterns and attributes of the people, place, emotions, actions, and reactions related to the tweeted stories. Based on our analysis, we also advance the discussion on the potential role of online social media in breaking the silence of women by factoring in the strengths and limitations of these platforms.
I. INTRODUCTION
"I was 16. My middle aged male boss harassed me. I never talk about it. He wasn't the last." This and many such tweets started to explode the Twitter news-feed soon after actress Alyssa Milano encouraged spreading the #MeToo phrase as part of an awareness campaign in order to reveal the ubiquity of sexual harassment, tweeting: "If all the women who have been sexually harassed or assaulted wrote 'Me too' as a status, we might give people a sense of the magnitude of the problem" on October 15, 2017 2 . However, the origin of #MeToo dates back to 2006 when social activist Tarana Burke launched a grass-root level campaign for "empowering through empathy" for the women of color within their community 3 . Milano's call for sharing harassment experiences with #MeToo hashtag that followed her own allegation against Harvey Weinstein, an American film producer, for sexually abusing her 4 took the original *All the URLs in footnote taking more than a line have been shortened to save space 2 http://bit.ly/boston-globe-metoo-origin 3 http://bit.ly/independent-metoo-why-when 4 http://motto.time.com/4987331/alyssa-milano-me-too-sexual-assault/ movement to a whole new level and millions of women around the world started participating. Before this, a few other hashtags were also used for similar purposes, including #My-HarveyWeinstein, #YouOkSis, #WhatWereYouWearing, and #SurvivorPrivilege. However none of them could create such a massive movement on social media. After Milano's tweet, within 24 hours, there were more than 4.5 million posts on different social media with hashtag #MeToo (or some variants of it) 5 . She got more than 70 thousand replies to her tweet on Twitter 6 in one day. The hashtag quickly became viral and in the next few days, there were millions of posts on Twitter, Facebook, Instagram, and other social media where victims of sexual harassment were sharing their experiences, revealing the name of their harassers, accusing institutions for not being strict about harassment, and reflecting on different laws and policies. While majority of the victims were women, there were also victims of other genders. Moreover, many other users joined this movement by posting with this hashtag to show their support to the cause. Women from all over the world, women of different age groups, of different colors, and of different professions shared their experiences of being harassed at their home, at their workplace, at public places, and over social media. These hashtagged posts were also shared, re-posted, and re-tweeted. The silence around sexual harassment was broken, and the tabooed topics of "sex" and "harassment" were widely discussed across the world.
This world-wide online revolution of #MeToo did not only initiate a movement against violence, assault, and harassment, but also raised some very important scholarly questions relevant to the Hypertext community and Computer Science discipline in general. In this paper, we ask-i) Who are sharing harassment stories on Twitter? and ii) What kind of new knowledge could we gather around sexual harassment through these tweets? By making an attempt to answer these questions, in this paper, we also explore the role of online social media in empowering women by providing them with a platform for raising their voice.
II. RELATED WORK
Sexual harassment is bullying or coercion of a sexual nature, or the unwelcome or inappropriate promise of rewards in exchange for sexual favors [10] . This is a serious offence that causes several negative impacts on the victims' physical, psychological, and social health [3] , [5] . Unfortunately, the prevalence of sexual harassment is very high across the globe [4] , [10] , and women are the principle victims of sexual harassment. According to UN Women and World health Organization (WHO), 35 percent (almost one in every three) of women worldwide have experienced either physical and/or sexual intimate partner violence or sexual violence by a nonpartner at some point in their lives 7 . A 2017 survey says, onefifth of American adults have experienced sexual harassment at their workplace 8 . The situation has been found to be similarly alarming in the UK 9 and Australia 10 . The national crime statistics agency of France published a report in December, 2017 that said more than 220 thousand women were harassed in the public transport facilities of the country 11 . Such statistics are often hard to get in many places in Africa and Asia, but several studies and anecdotal evidences demonstrate the wide prevalence and severity of sexual harassment in 12 13 those continents, too. All these alarming reports show us how women are being sexually abused at their home, at their workplace, and in public places by their husbands, boyfriends, colleagues, professors, and even by strangers.
The #MeToo movement on Twitter and other social media is hence considered revolutionary. Such voluntary and spontaneous participation of millions of women across the globe in breaking down a silence that had long been suppressing them was unprecedented in the history. Through the tweets of these women, we could know many information of sexual harassment that were never disclosed before. We could also learn the context, emotion, and repercussions around sexual harassment which would be hard to get otherwise. We argue that the tweets shared by the victims over Twitter have not only helped them release their bottled up emotions, but also have provided us with important data that we can use for better understanding the nature of sexual harassment. Such information can be used for improving existing law, policy, education, and technology to reduce the occurrences of sexual harassment and to extend a better support to the victims.
III. DATA COLLECTION
We collected about a million tweets containing the #MeToo hashtag from all over the world within the October 15 − 31, 2017 period using the Twitter API. We removed the duplicate tweets from this collection by matching the permanent URLs of the tweets. After that, we removed the non-English language tweets, and re-tweets of original tweets. These cleaning steps reduced the collection size to 441, 925. These tweets originated from 323, 813 unique users. A portion (9, 580) of 11 http://bit.ly/reuters-france-public-transport-harassment 12 http://bit.ly/timesindia-harassment-india 13 https://unstats.un.org/unsd/gender/chapter6/chapter6.html this collection has geolocation. Table I shows distribution of the geolocated data among the cities.
IV. ANALYSIS

A. Age and Gender Distribution
Using the Face ++ 14 API, we determined the gender and age of the Twitter users of the geolocated dataset by using their profile pictures. Some of the profile pictures do not contain any face and some of them contain multiple faces. We could identify age and gender of 4, 963 users. Among them, 3, 242 (65%) are females and 1, 721 (35%) are males. Table I shows gender distribution of users for each city. This distribution shows that the percentage of Female users is comparatively lower in Asian cities (average 49.06%) than in U.S. cities (average 73.03%). This finding may seem counter-intuitive at first, but can be explained by the overwhelming gender bias in the Internet access in those Asian countries [12] . Several studies have reported how free access to digital technologies is challenging for women in many Asian countries [1] . This lack of access to digital technologies for women in those places is often attributed to the patriarchal politics of dis-empowering them. Moreover, a close examination of the tweets that are posted by men revealed that most of them were not sharing their harassment experiences, but they were showing their support to the movement. Figure 1 shows the distribution of age of different genders in the cities in United States (left) and in Asia (right). Although the density plots for Female in both regions are similar, a difference in Male density plots is clear. We observe a higher participation of elderly males from Asian cities than from in U.S. cities. This finding may also be attributed to the ownership and dependency model in Asian cities. Several studies have shown that most people in Asia live a "collective" live with their families and communities, which is different from the "individualistic" life-style in the US and many other countries in the West [7] . Individuals often depend on the money from their parents for a longer period of time [9] in Asia, and their parents often limit their use of Internet during this period of time. Middle-age males, who predominantly represent the chief of a household, on the other hand, own almost everything in the house, and hence their access to Internet is easier and freer than the other members of the family [8] .
Taken together, we see that the age and gender distribution of the collected tweets does not only represent the demographic information of the participants, but also highlights the differences in the social and cultural dynamics around Internet usage around the globe. At the same time, if we focus on the tweets from the women, we see that most of them were coming from women within the age range of 30 to 50. We found less information from women above and below this age range. While this can be explained by the demography of Internet usage, we should also keep in mind that these tweets may convey less information about the harassment happened to younger or older females -both in the US and in Asia.
B. Topic Distribution
To understand the primary topics that surfaced during the #MeToo movement, we performed topic modeling over the whole corpus. One concern regarding traditional topic modeling algorithms (e.g., Latent Dirichlet Allocation, Latent Semantic Analysis) was, they emphasize on documentlevel word co-occurrence patterns to discover the topics of a document. So, they may struggle with the high word cooccurrence patterns sparsity which becomes a dominant factor in case of shorter context such as in tweets. To overcome this challenge, we used Biterm Topic Modeling (BTM) [14] which generates the topics by directly modeling the aggregated word co-occurrence patterns of a short document. We empirically set the topic number as 6. Each topic is represented by a set of words. Figure 2 shows the distribution of topics over the whole dataset. We only show the top-15 most relevant words for each topic.
Overall, the topics capture different facets of the #MeToo movement. Topic 1 captures the recognition of the sexual harassment as a problem and the supportive emotions expressed towards the overall movement. Topic 2 primarily indicates the Harvey Weinstein Scandal that commenced the Weinstein Effect 15 . Topic 3 captures various advertisement efforts that attempted using the trending #MeToo hashtag to attract more traffic. Topic 4 and 5 exhibit some characteristics of the harassment claims. For instance, words like (grope, grab, touch), and (street, school, work) in topic 4 indicate the nature 15 https://en.wikipedia.org/wiki/Weinstein effect and location of the harassing events, respectively. In topic 5, words such as child, young, molest, famili (stemmed form of family and related other words), and the numbers (e.g., 12, 13, 14, 16) insinuate many harassment claims where the victims were considerably very young. The last topic mostly comprises of the media coverage of the movement.
C. Psychological Constructs Analysis
We use widely known Linguistic Inquiry and Word Count (LIWC) [11] dictionary to perform psychological constructs analysis of this dataset. Given a text, LIWC can perform a word level analysis on various psychological processes. In this experiment, we pick Affective process, Biological process and Drives. Within affect, LIWC can categorized a word into positive emotion, negative emotion, anxious, sad and anger bucket. Such analysis will allow us to understand the true sentiment (positive or negative) of tweets written by various users along with their emotional standpoint (angry, sad or anxious). In the biological process and drives category, we pick body, sexual and power, risk, reward, respectively as sub-categories to analyze. By categorizing a word into a biological process we can observe how vivid (biologically) an author of a tweet is when describing a #MeToo experience. Similarly analyzing word distribution of drives category help us to establish a well known drive theory [2] , understanding what makes (power, risk, reward) an author of a tweet to share a personal #MeToo experience or showing positive/negative standpoint with the movement.
We perform 5 different experiments. First we compute the word distribution of the sub-categories mentioned above in the entire dataset. We found the overall coverage of LIWC dictionary in this dataset to be approximately 50%. Next, we extract tweets based on continent (U.S. and Asia) and Gender (Male, Female) and compute similar word distribution using LIWC. In Figure 3(a-e) , we show the normalized frequency LIWC terms for each category. Figure 3a shows that the frequency of negative emotion is much higher than positive which establishes the overall sentiment of the corpus. In emotional standpoint majority of the tweets are expressing anger than sadness or anxiousness. Between sexual and body, sexual expression is slightly higher than the body. Within drives, power is significantly higher than reward or risk. This indicates exercising power was the major driving factor in this movement than some reward or risk.
In Figure 3b and 3c, we compute word distributions of tweets from Asia and US continent. As we can see, negative emotion is the majority in both but slightly higher is Asiabased tweets. Anger is expressed more than sadness and anxiousness in both cases. Biological process categories have similar patterns. Exercising power is the main driving factor in both cases but risk factor and reward is slightly higher in Asia-based tweets than US.
In Figure 3e and 3d, we compute the same distribution as above of tweets from male and female authors. Interestingly, negative emotion is expressed slightly higher in male authors' tweets whereas positive emotion is higher in female authors' tweets. Anger is prominent in both the cases. Biological processed are higher in female tweets and this observation is intuitive as #MeToo movement is centered on female. Once again, exercising power is the major driving factor in both cases. These graphs serve as good indicators of a number of emotional constructs in the society. For example, most feminist scholars have identified sexual harassment as a result of power imbalance in the society [6] . Most of them have opined that sexual harassment often has the primary objective of establishing the 'ownership' and 'dominance' in a symbolic way [13] . Our analysis over the large amount of tweets reconfirms those opinions. Second, the emotional responses from the male posters indicate the role of social media platform to transfuse emotions from one community to another. Although most of these male posters were never sexually harassed, they could connect with the female posters emotionally. We argue that such emotional connections are important to create a wide awareness against sexual harassment. Third, the negligible difference in the nature of responses to sexual harassment between Asia and US continent demonstrates the hidden sadness of women across the globe. We often define development by economic stability, infrastructural development, and technology innovation, and thus some parts of the world becomes more "developed" than the others. However, when we take a closer look at the internal emotion of people, especially the women, we find similar kind of sadness that bind them together, and challenge the definition of development.
V. CONCLUDING DISCUSSION In this paper, we have presented our quantitative analysis of a large set of tweets with #MeToo hashtag. We have shown different interesting patterns in the data and discussed their possible implications. Our analysis thus contributes to the studies of sexual harassment, social media, online movement, and feminism in general.
